Introduction
The depletion of the germ cell population of the testis is accompanied by histological changes in the pituitary and an increase in the gonadotrophin content of the gland (see reviews by Burrows, 1949; . These changes have been related to a selective increase in the secretion of FSH, principally on the basis of alterations in the reproductive system of female rats joined parabiotically to sterilized males. Examination of the accessory sex organs revealed no evidence of androgen deficiency in the aspermatogenic animals and the modification in gonadotrophin secretion was attributed to the withdrawal of an inhibitory hormone normally produced by the seminiferous tubules. Subsequent re-evaluation of these concepts by using specific methods for radio¬ immunoassay of circulating FSH has failed to demonstrate consistently a selective increase in FSH levels following various experimental treatments which produce comparable degrees of damage to the germinal epithelium. A concurrent rise in circulating levels of FSH and LH has been recorded following X-irradiation (Main, Davies, Young & Setchell, 1976) and cryptorchidism (Amatayakul, Ryan, Uozomi & Albert, 1971) , the two experimental procedures most commonly used by earlier workers. However, administration of antispermatogenic chemical agents has been shown to elevate plasma FSH and LH (Debeljuk, Arimura & Schally, 1973) or to produce a selective increase in FSH (Gomes, Hall, Jain & Boots, 1973) . FSH levels remained unaffected during the period of aspermatogenesis caused by the antimitotic agent hydroxyurea (Mecklenberg, Hetzel, Gulyas & Lipsett, 1975) or by depriving the testis of its specific requirement for vitamin A (Krueger, Hodgen & Sherins, 1974) . This lack of uniformity in the changes in circulating gonadotrophin concentrations indicates that the pituitary response is not solely related to the interruption of spermatogenesis. Direct methods for assessing Leydig cell function in the aspermatogenic testis have also shown that defects in androgen synthesis (Llaurado & Domínguez, 1963; Schoen, 1964) and secretion (Amatayakul et al, 1971; Gomes et al, 1973; Krueger et al, 1974) may occur even though regressive changes do not appear in the accessory sex organs for prolonged periods. Androgens also exert an inhibitory effect on the release of FSH from the pituitary (Steinberger & Duckett, 1968) . The amount of testosterone required to achieve inhibition of FSH in castrated male rats is greater than that needed to suppress LH (Swerdloff & Walsh, 1973) and it has been suggested that a small decline in androgen production by the aspermatogenic testis could result in a preferential rise in FSH (Gomes & VanDemark, 1974 (White, 1933; Smith, 1962; Collins & Lacy, 1969) or to produce androgens in vitro (Collins & Lacy, 1974 , had not yet been established. The animals were randomly allocated to 3 equal groups. Animals in Group 1 received no additional treatment and served as intact controls while rats in Groups 2 and 3 were treated as follows. In Group 2, the scrotal regions were immersed for 30 min in a water-bath at 43°C as described by Collins & Lacy (1969) . In Group 3, the vasa efferentia were bilaterally ligated under full ether anaesthesia. Incisions (1 cm) were made in the body wall anterior to the inguinal canal and the caput epididymidis and the pole of the testis were extruded without exposing the remainder of the testis and associated structures. The vasa efferentia were located and ligated with fine silk thread, care being taken to avoid adjacent blood vessels.
Blood samples (2 ml) were taken from each animal, within 3 min of removal from its cage, by cardiac puncture under light ether anaesthesia immediately before any experimental procedures and at 3, 7,14, and 21 days after treatment. The samples were obtained between 13:00 and 15:00 h and immediately transferred into heparinized tubes and centrifuged. The plasma was removed and stored at -20°C until assayed. This sequential sampling procedure was used to minimize variation in hormone levels which may occur when separate groups of animals are compared at different intervals for a particular treatment.
After the final blood collection the animals were weighed and decapitated. The weights of the testes, seminal vesicles (full and with their contents extruded), coagulating glands, epididymides, ventral prostate, adrenal and pituitary glands were recorded. Small pieces of tissue from the testes and the accessory sex organs were fixed in Bouin's fluid and processed routinely for histological examination. Additional pieces of testis were fixed in formaldehyde-saline (Baker, 1949) and embedded in gelatine. Sections were stained with Sudan black to demonstrate the presence of lipids or subjected to the Schultz test for unsaturated sterols (Pearse, 1972) .
Fructose concentrations in the coagulating glands of individual animals were determined (Mann, Davies & Humphrey, 1949) . The weight and cytological appearance of the accessory sex organs and the fructose concentrations were used as biological indices of circulating androgens.
Hormone assays LH and FSH. Plasma levels of LH and FSH were estimated by conventional double antibody radioimmunoassays using reagents supplied by the NIAMDD, Bethesda, Maryland, U.S.A. as described previously (McNeilly & Hagen, 1974) . NIAMDD-rat-LH-I3 and rat FSH-I3 were used for iodination and results are expressed in terms of the Standard Reference preparations, NIAMDD-LH-RP1 or FSH-RP1, per ml plasma. All samples were measured in duplicate in one assay. The FSH assay had an intra-assay coefficient of variation of 11 % (over the range 85-500 ng/ml) and a sensitivity of 65 ng/ml. The LH assay had an intra-assay coefficient of variation of 8% (over the range 10-40 ng/ml) and a sensitivity of 4 ng/ml.
Testosterone. The method used was that described by Collins, Mansfield, Alladina & Sommerville (1972) . Plasma samples to which an internal standard of tritiated testosterone had been added were extracted with diethyl ether and chromatographed on a Sephadex LH-20 column. The isolated testosterone was measured in duplicate in a liquid-phase system comprising tritiated antigen and antiserum to testosterone-3-carboxymethyl oxime-bovine serum albumin. Dextran-coated charcoal was used to adsorb the unbound steroid. The principal competing steroids in this system have a hydroxyl group in the ß position at carbon 17 and the androstene-and androstanediols are completely separated by the Chromatographie procedure; 17ß-hydroxy-5a-androstan-3-one (5a-dihydrotestosterone) is incompletely removed by the column and there is a maximum cross-reaction of 15 % with this compound. However, circulating levels of 5a-dihydrotestosterone are low in the rat and interfer¬ ence from this compound in a comparable assay system has been shown to be negligible (Falvo & Nalbandov, 1974) . The testosterone assay had an intra-assay coefficient of variation of 3 % (20 determinations at 0-66 ng/ml), a sensitivity of 0-15 ng/ml and gave a mean plasma blank value of 010 ng/ml.
Statistical analysis
The statistical significance of differences in hormone levels were determined using the randomiz¬ ation test for matched pairs for comparisons within a group (Siegel, 1956a) and the randomization test for two independent samples for comparisons between groups (Siegel, 1956b ). Student's t test (Bailey, 1959) (Fig. 3 ) and a Group 3 (Fig. 4) (Fig. 7) and Group 3 (Fig. 8) 2-46 ± 0-54 2-93 ± 0-53 3-58 ± 0-69 2-82 ± 0-30 3-41 ± Significantly different from pretreatment values, *P < 005; **P < 001 ; ***P < 0001. Significantly different from corresponding values in Group 1 fP < 005; tt-P < 001 ; ttt-P < 0-001.
LH. Within Groups 2 and 3, maximum values were seen on Day 7 after treatment, but only the Day-14 value in Group 3 was significantly different from the corresponding value in Group 1.
Testosterone. There were no significant differences in plasma testosterone levels within or between the three groups.
Discussion
The present results confirm that, in spite of the acute degeneration of the germinal epithelium which follows heat treatment and ligation of the vasa efferentia, the Leydig cells are unaffected : they retain the cytological features and low lipid content characteristic of the actively secreting cell, circulating levels of testosterone remained unchanged, and the accessory sex organs appear normal. Attempts to relate changes in circulating FSH levels to the condition of the seminiferous tubules following different experimental procedures have variously implicated the meiotic spermatocytes (Gomes et al, 1973) , the young spermatids (Debeljuk et al, 1973) or mature spermatozoa (Swerdloff, Walsh, Jacobs & Odell, 1971) in the regulation of FSH secretion. The present work showed that there is a difference in the pattern of early changes in FSH concentration between heat-treated and efferentiectomized animals. In the heat-treated rats (Group 2) FSH values rose rapidly (but insignifi¬ cantly) from their pretreatment level while those in the efferentiectomized animals (Group 3) remained unchanged until Day 7. Collins & Lacy (1969) (Smith, 1962) . From these data it may be concluded that the initial rise of FSH in Groups 2 and 3 coincides with the onset of the rapid regression of the germinal epithelium and that maximum values are attained when degeneration of the germ cells is well advanced. The FSH concentrations may therefore be related to the pattern of germ cell degeneration rather than to the presence or absence of particular cell type.
In the control animals, FSH gradually declined to a level 30 % below the initial value after 2 weeks. The magnitude and rate of decline in FSH concentrations in the control animals in the present study correspond closely to the values recorded by Swerdloff er al (1971) , who have described a fall in FSH concentration from a maximal prepubertal value, 2-3 times the adult level, which continued until sexual maturation was complete.
At the point of maximum elevation FSH levels in the heat-treated and the efferentiectomized animals were 48 % and 44 % higher, respectively, than the corresponding control values. Differences of the same order of magnitude have been reported after treatment with antispermatogenic chemical agents (Debeljuk et al, 1973; Gomes et al, 1973) and X-irradiation (Bain & Keene, 1975) . When compared with the 5-to 10-fold increases in FSH which occur after castration (Amatayakul et (Krueger et al, 1974) when only the Sertoli cells and spermatogonia remain in the tubules cannot be explained but may be partly due to the chronic nature of the testicular changes induced by the procedures and the large variation in FSH levels reported between animals in the different experimental groups.
In addition to providing negative feedback control for LH, testosterone can prevent or reverse the rise in plasma FSH concentrations in castrated male rats at dose levels which are either pharmaco¬ logical (Steinberger & Duckett, 1968 ; Gay & Dever, 1971 ; Swerdloff & Walsh, 1973) or physiological (Crim & Geschwind, 1972; Eldridge & Mahesh, 1974) in terms of the amount needed to maintain normal blood levels (Verjans, van der Molen & Eik-Nes, 1975) . Conversely, large increases in serum FSH concentrations are found after a reduction in levels of low-affinity bound testosterone by administration of anti-testosterone serum or in cryptorchidism in which germ cell degeneration is accompanied by a decline in circulating testosterone (Amatayakul et al, 1971 ). These results, and the apparent normality of Leydig cell function in the present experiments, suggest that testosterone plays a physiological role in the feed-back regulation of FSH, and that the Leydig cells may account for a major part of the residual inhibition of FSH by the sterilized testes and serve to limit the pituitary response to sterilization. The elevation of FSH after degeneration of the germinal epithelium in this study was not selective but was accompanied by a collateral rise in LH. This lack of dissociation in the response of FSH and LH to germ cell destruction has been noted by others (Debeljuk et al, 1973; Amatayakul et al, 1974; Main et al, 1976 ).
The present data support the hypothesis that an inverse relationship exists between spermatogenic activity and plasma FSH concentrations. However, the concept of an independent mechanism for the feedback regulation of FSH by the seminiferous tubules, as envisaged in the original inhibin hypothesis (McCullagh, 1932) , requires modification to account for the influence of the state of the germinal epithelium on plasma levels of FSH and LH in the adult rat.
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